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(57) Abstract: The problems of a transmitter/receiver of direct-conversion structure are solved by providing a multiband 
OFDM_UWB transmitter/receiver of a low-IF structure. A low-IF receiver has a structure not needing frequency conversion by 
a second local signal by re -arrangement such that the subcarrier is rotated after FFT and the same AD conversion clock as a 
direct-conversion receiver is used. For the preamble part not subjected to FFT, a sequence produced by multiplying the original 
preamble pattern by the IF frequency is used to enable preamble detection. 

(57) mifa: V;i^/*> KOFDM_UWBlSfi^Low- I FfltJflclCL, 9 4 \s1 h ■ n V 3 >fl|jjE 

©S»««l=fcMt*IHIIIjSi***-rS- L ow- I Fft««l=*JHT. FFT«l=-9-^*-ViJT*iaiE*-&*afe 
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SL, SZ, TZ, UG, ZM, ZW), J.-7V7 (AM, AZ, BY, (7) & >X y — h J £#BSo 

KG, KZ, MD, RU, TJ, TM), 3 — □ V /i (AT, BE, BG, 

CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, 

IS, IT, LT, LU, LV, MC, NL, PL, PT, RO, SE, SI, SK, TR), 

OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, 

MR, NE, SN, TD, TG). 
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[oooi] ^rnwfe. ^/^'^Fmmm^&m^mi-zmMmmmmfcm. mfe 
[0002] $^^pb<}*, *mmt. jxmmx-com^mw^n^^^^^oFu 

[0003] ^m^^x^ANmwt^h^-— ^mwcr^^T^tx^x, m^an^o^ 

±¥&^mirZ>-bfrX%Z><DX\ y^vv-^t^— ^ (PC) t£¥<r>Wmm%& 

imm^\^m^^ti)>x^ 0 ^x\^ mn^xNi/xr^mmk, ^ 
mmt^m\ wmm$mis<mtovx%x\;^ 0 m^m^xn, A<D^(Dm\^ 

DtLmz., ;<—y^;v-^)T'^yvy—?{vAN)(DmK&wm-&t^x\^ 0 mzss., 
mmmhtix^^o 

[0005] UU^yY r 7—^\Z.m^U^^}^W^tl,X, IEEE(The Institute of Elect 
rical and Electronics Engineers) 802. 11 (ffilZ-^ ##ff 3Cfifcl^#J$<Dr 
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t)^ HiperLAN/2(^!)x.«\ 4¥ftffXffi2XrZ&%rffJtt3&&m<D^b) ^IE 
EE802. 15. 3, Bluetoothminftif&mf Z>Z.b&"V%Z>o IEEE802. lliM&tC 

ovvrt*, &j£M<9 ^^ffl«M»m«^av^^lcJ;«9, IEEE802. lla 

fflfc. IEEE802. llbffl&---t£F<D&nMBM4nft^fc : &1-Z>o 
[0006] *fc, r^/Vh9!7-YhV<^K (UWB) ilfsj Wl^, #^j£V ^M$t 

(D^ffl^^#$tt-CV^(^||^^ ##fr^ifc4£#J®CQ^) 0 JSfe IEEE802 

[0007] #5(5, UWB^ft^^tb^jffiKEaiM'ff ©WPAN (Wireless Personal Access Ne 
twork) iife^^§^Sp°p^CE (Consumer Electronics) W&i£&t1&&tlZ>^b& 

, ^hW— v ; '7 ; VM^if^ti>Mffi3£*j£ligM^DAN(DeviceArea N 

[0008] tz.%x\ mp%x^m<Dmmm^ir^mmmrxmm^yhi7—^mm^ti 

[0009] iiff^i-^/v^^^Cfeli^cfflEb-Cfc^^v^^^^^/vMff ^ 

[0010] $|x.fcf, IEEE802. 15. 3(DrS3SM^PANv^^A^*5V^Tt, -^/V^-^-Y^/V 
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ft'oXtt^Wift&fTfto^k'V, MBI^%h-3-' 7V*— ^(PNC) £LTtf 

coon] ^rt-e*i^^M7-^^«^bfc#^, gfs mmxtew.m$imwt(D£iM 

[0012] ^ig®t>T frtt%ibL,X, ^r/^^VT (^mmmm fcmtt&mfz>z.t& 

[0013] ^ilxifi, -^/V^dr-vUT^^^^OlO-efc^OFDM (Orthogonal Frequency 
Division Multiplexing: lit3^S8fc#3!l#fi)^refci, ^^yT^^Vv-E 

F^rt-e+ss^ii:^«j;5^^ j ryT(DM«^^tt'Cv^ 0 ft^^m^ 

x^u/^m^xm^ti^mfD^—^^^vTKm^xx^vrm^ 

mmmx(D^^]}T(Dm^^^±^mmm(Dm^^mL,xmmir^ 0 

tat. %tmm&z.<DM<D8ift. irtj;fr>ibFFT&fttj;oxmMm<Dm ttmmmtvD 

fB^^^^^bT#^yT^ov^T^^t^<^^^^^-^bfcml^^fT^v^^ 

^^wv/^yr/^mbr^oiyyT/Hf^-eM^tt^tfig^s^i-^o 

[0014] OFDM^H^^fS, #J;tfi£lEEE802. lla/g^:&V^M$iiLAN<D^^M&£ 
b-C«ffl$tL-CV>5o IEEE802. 15. 3{£*5lv-Ob, DS<DfffR>ff -^(Dfcfcffcjg 

ssr«ii^*-eiS5<bfcDs-uwB^s; j ^, WLioo^fpn&^nKU^^mm^ 
>/</v*m &m&m v ^rtt $m ^*^LT^ft s^ftM^^* - uwb* 

^^^.OFDM^^^fflL/cUWBaff^lCoV>TO^!p^^itfe^ 
*i/cv>5 0 OFDM_uwBiiff #5£<D*i£\ 3. l~4. 8GHz©MSf£ff«r J t4v? 

tL528MHzl|igd^^1g^(DM^^^^^(i^^V^^K)^M^»^t 0 ^(FH 
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Sk52r#m<D^) 0 

[0015] mi7^«, -^/^-^/^^KOFDM_uwB®^t^■^:^*DV^-c^.^tv-rv^§ja^ 

60MHz, 4488MHzi:i-^^K#l~#3^^/^^/V— ^lt, tpfom&Wttt 
tl/-=ett5016MHz^ 5544MHz, 6072MHz£^3^:/K # 4~^>^ # 6^£>&5^ 
/V— :7°2£, ^^M^#:^^X^^6600MHz, 7128MHz, 7656MHzb1rZ>s<> 
}?#7~#9ii*bteZ>yA^-'73k* c F^M^^^^^b8184MHz, 8712MHz, 
9240MHz^-r^^/V-^°# 10— # 12/^feft5^/V— ^D^, ^MStifc^e^ 
tb9768MHzMtJ ? ^10296MHzi:i-^^K# 13~ # 14*^*5^—^5^^ 
*$c$tb5 0 ^/^—^l<D3^^^\^^.tH)^^t (mandatory) 

[0016] EU8Mte:, -^/^^/^^KOFDM^^^fflV^^>tLS^:{t^(Z)«^!J^b-CV^ 

(Direct Conversion) Wj^/^^-tV ^ Q ^Vl^h-^>v^— ^a^^-^Ti*, ^ 

ra^fc (if) &&mmu r^^x^m uzm ^i&m^mmm (lna) -eitti 

;V (LO) it ^-cos (2 7c f ) &t>*sin (2 tc f ) ^ili^t^Qtt^^g-^ff {f ^©JMtM 

c c 

tfefcfflV^;h/CVV5o M»SlUh#te, n-/^-^/k^(LPF) ^£«9«££I& 
<9£iJU VGA (Variable Gain Amplifier) lc£<9t^%&^ AD^^LT^ib^FFT 

[0017] HH8^i-J;5^Vw^h-=3^y^— v? 3 ^ff#-e«, f^^f^Eli7^^-r^Vv 

MHz, 3960MHz, 4488MHz(D30(DM^^^n— #/Wl ^tL-X&m^&o 

[0018] r^-e, ^^h^y/^^y^^SffltSiitii^ iF^/v^Jli^d^ 
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ZtzJsb, u—tiMt^F) g B^rv-^CLOself mixing) K£VW.Mf$.frTftfr'hr> 

ciry^vY (DC offset) fim%i1rz>b\ ^fflm&ft&£tix\ >5 WfLtZ* ##fF3c 
[0019] %Mt ^<D g 3^»^m, 0191^^5121, ^:ff a*f^^T^^-^ 

[0020] {?!j;Lte\ Hl9(Dn— ^^li'S^O. 5V, {£|£^T^:/(LNA) t^^CO^- 

^-70dB^^L-CV^^^L-C, *3c-y-<Dm±lCOr>Cjr7±yh$:M#)Z>t, 2. 5m 
VtOfeSo — *M^ff ^l^/H»/J^W4dBm@S^fc5£^ ^Mf-<Z> 
m^"C^-44dBm=l. 4mVrms-Cfe5 0 ^COi^^DC^ir^h^lR-M^COff 

[0021] T^U-te, DC^-^ir^h^^C^ii§@^fB3ZfibTV >5„ cos ( o> t) ten— #/Wf ^\ 
[0022] H&l] 

« • cos(o> • / + ^) • cos(<y •/) = — «■ (cos(^) + cos(^) • cos(2 • <s> • /) - sin (^) - sin(2 • co ■ /)) 
[0023] ^/V^^^KOFDMiX^A^^^^^fc 0 ^(FH)^fT^5C»-e N n— 
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. 2MHz^Ot\ DC^-fe^htt|l|20^-t-J:5t-l/ / 3. 2MHz = 312. 5^V#<Z) 
[0024] DC^-7-fe^h^*-r§^^, — ^^(DmiJ^^r^^^^ff^Jt^Ai- 

1/ (2 7c CR) , X^yZfft^(DlfrM£fmfe2 n CRfO^o 
[0025] ^/V^s<>^OFT)Mi/^J*(D^y*^yTMWMt\i4. 125MHz-Cfe§C01:\ ^ 

^U#^{*Bl22^i-j;5^242^-y#(=l/4. 125MHz)^^</^f9, OFDMy 1 
[0026] ^^>^:\ja^W9#X.^{i—^^PLL (Phase Lock Loop) (U^fS)— <D& 

^sfet), ^<Z)PLLTiir<Dj;5^Jt£^T*(DM^^D#^^^5-^^T^v> 

[0027] ^M^^m^$tb§¥-M»^MI^#«9ML, frftMMt>*S&*S 

[0028] 023^^, ^/l^/^KOFDM^^i^Sol^T, g|18^^Lfc^V^^h-=3^ 
(ffib, ^Vv-^103/^K-^-K^i-^)0^^!j^|l|^LTV>^(^[Jx.«\ 
, TCXO a&SttftMTk^j^) ) d^#e>tb5^i|SM jg^Sr^MMt^^^^Sr 
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[0029] mmK^1rmXfe^M^bM£)&n%&Mm&Wt%PlL(Phase Lock Lo 

mzti. ^tbfab^^/is-?^y?Kmm&th%o ^^^ja-rs^u;^ 528M 

Hzfrh, m^Wc^^°^i-^'^m^WC(D^>mmXh^264MHz^K)m^ 
[0030] ^CV^\ SSB (Single Side Band) ^fE<c§^lTV^^-^f-C», ±?£<D£y\Z. 

<Z>^-g\ 528MHz^264MHz(DM^#:*P^^f^5-^^-J: ^ 9^ £fb^794MHz(D 
M$ti^#3 0 ^LT, (Select) K i«9264MHzX«794MHz(D— ##38 

IR£tb£o &S<£>SSB-Cf3\ •^(DjgiRt±i^$tt7i264MHzX^794MHzV^'f tt7)^ 
(^ja^^f^^»4224MHz(OMMff^^^^MM#^t^5^^^J; i 9^ 

4M«9oM^#:^#§^^^-c^ 0 

[0031] {B.U >f;V— yibL-Xfe, ^(D5^3432MHz. 3960MHz. 4488MHzO3il«9C0 
3*ftffl**-5o 1*&:b*>, 4224MHzd^792MHzSrJ3S^c^LL.T3422MHzSr 
£j£U 4224MHz7)^264MHz^M^#:M^bT3960MHz^^L, 4224M 
Hz^264MHz^MiS^P^b-C4488MHz^^^i-§ 0 

[0032] 023^T*SSBtlE«$^TV^^>W^«M^m^B#X^#i-^^^> 

1 2 

mmm^m^^xmmm<DU\\w, mw^n^^.txmmm^i-^t^x^^ 0 r 

f =4224MHzt?fct), f = 264MHzXf3:794MHz-e&>£ 0 

1 2 

[0033] L,fl>bfctfS£>. l324^b^5^*©«»EtK^^y^l5:*5V^-Ctt, J^TM 

[0034] (i)ssB^i^^ 2 f@^^t:\ m^m^mmtm, mamj&j&w 
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[0035] (2) 264MHzte££^$t&(D-e N 3^^IRiaottice- 10dBcU^(D^VT 

[0036] Aft^im, 792MHz^^i-^i6<Dtff^(^SSB^^, 528MHz£264MHz 
(Dm^., 264MHz03^Cr^l^^-efe ; 5-792HMz^Aij$tL, ffi^LTHJfMM^ 
^re&>3792MHztf>ftil^ -264MHz^^j^^tv, ^>V~ ^lft-CtfX^IJT^tf) 

[0037] (3) 264MHztt$e3gjfefc<©^ 5^ftIti:iott^T- 14dBc@ffi<D^!JT 

[0038] #N#fF:£iSfcl: International Standard ISO/IEC 8802- 11 : 1999 (E) ANSI 
/lEEEStd 802. 11, 1999 Edition, Parti 1 : Wireless LAN Medium Acce 
ss Control (MAC) and PhysicalLayer (PHY) Specifications 
##fF3Cik2:ETSI Standard ETSI TS 101 761-1 VI. 3. 1 Broadband Ra 
dio AccessNetworks (BRAN) ; HIPERLAN Type 2 ; Data Link Control (D 
LC) Layer; Parti: Basic DataTransport Functions 

##fT3Cifc3:ETSI TS101761-2V1.3. 1 Broadband Radio Access Net 
works (BRAN) ; HIPERLAN Type 2; Data Link Control (DLC) Layer; Par 
t2: Radio Link Control (RLC) sublayer 

##fF3Cifc4: B^Wr-t2^^2002^3J3 11 0 ^)Mr?&±lf Z>mm<Dl£WM 
Ultra WidebandJ P. 55-66 

##fF:£iik5:iEEE802. 15. 3a TI Document< URL :http: //grouper, ie 
ee. org/groups/802/15/pub/ / '2003/May03 ^tmVI^ :03142r2P80 
2— 15_TI — CFP — Document. doc> 

##l^ft^6:Anuj Batra, "03267rlP802- 15_TG 3a -Multi -band -OF 
DM — CFP — Presentation, ppt", pp. 17, July2003. 

#f=4#fr^Cfi£7 : Asad A. Abidiiff "Direct — Conversion Radio Transceivers for 
DigitalCommunications" (IEEE J. Solid — State Circuits, vol. 30, no. 12, 
pp. 1399-1410, 1995 
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[0039] *mm<D g mn, mm<D^vmm^'t-mmm^y^>^^^^^^ 

[oo4o] if.mm\t, ±Mmm^m\^xf^titz.h(D^:m, wmi^iMm^ mm<D^ 
>vm mx ^ &m mfck*v tv^^^vv^^KOFDMft fg 5gM 

^#(fft)^, v^—y^yhmm, ^—hu—mm&mfzz.t&x^ 

[0041] jff^^^^^K^IS^^'^M^#C^^t 0 ^^§^/^/^^KOFDM{t^-^ 

tffoZo ^/V^^^KOFDMi/^^^liM^W^tV^^T^^cO-e. 
[0042] ^V^^h-^^^—^a^m^^DC^ir^hPolM^^ri-^^^bTLow- 

iF^-^(D^ft m&%ihtix\, ^„ Low-iFttxfe^mm^%-mFm%imz.m 
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[0043] ^.n^Mu ^mm KmzMmmm mm^xti^ m^wc^y^^-r^/^^ 
[0044] ^-e, mmmmmmm^mt, &mm^&v-*Mm ^tm^xi&^mmm 
[0045] *fc, tfriBAD^m^^, mmi&^mm^wc(D2mtfj:^>^v^m^^ 

o 

[0046] «IK ^#5$#$IMff tfflEM^m^m^^J;9M^m^m$n 

^(Dm^M^u— ^X^^Xf^^/v^/vh-^V^'y^/v^K^m^fi^ 

o ^IBM-era, 2o<D^Lv^^^/v^(DrH1^v > •¥^l/— ^-e^-^i-^^-fife-et/v^ 
^ir^tx^^m^t^m^mm^m^x^xD^v)^ ^v^uibpfcom 

m^^B \z.1rZ)Z.t&X%Z> 0 
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*vcv5 c ^^yr^/v-v'- ^^«FFT^f^t5-f Kmrnm^xmrn^m 
wt^vT>yyp->—^>*(Dmm&m&ftt£^t£<t{:%o ^x\ ^mrnxi^ m 

V^B#^#_h(DOFDMm-^^^^i-§OFDM^^i, 

mfz^-tfrx^Zo 

[0049] ^0^^#§Low-IF«j^-^/^/^^KOFDM^t#^J;tb«\ MfflFff ^(D 

^m^rjAmmmiciFm^toFDMm^mmmwir^-txn^o ^l-c 

^Mm^^£yvA^>^—?<DTs<-^m^&WjEirZ>Z.bX\ spa^M^m 

[0050] MlJoMiE^fe^LT, IFFTLfcm^^S*FIR^7^^?^fflV^TDAr3^^— ^ 
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[0052] *fc. Kxtitz^ ^/v^<^oFDM_uwBm^mm^^mmmm. (l 

[0053] «HK^J;tL«\ ^Vw^h-^^^--> ? 3^ff^-^«^Sfco^t/v-</vh 

[0054] &3&WK£ti&. Low-lF^fftg^vvr, FFT^fc1f:/^yT3rlHl*E&i*r5 

[0055] Low-IF«^Sfta^*5V^-CM^#C^m^l^^^C§^-v?^|^^i-§ 

^^ix-^-e^i-^^-et/^/vhBPF^^i-^i^^. ^/v^©7^- 

[0056] £fc, *mM^J;tb^ M^mm^i-^^^om^^ill^J^^^^^Ab 
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[0057] « W ^#^Low-IF«^-^/V^^KOFDM^ff £*U^ j£ff IF 

fa^^^^DA^fff^IFM^m^OFDMff^^^m^^^^-efT^^o^ 
LT, IFFTfif^DA=3^^— ^©7/^- f *^tlEt5ii:t\ ^-fWh-=^ 

[0058] £fc. ;*3BWfcJ:*U£. ^/V^^^KOFDM_UWB^Sff^^Low-IF«^^ 

[0059] ^io^^tiffi© @ ^ wnk^m&n, ^mir^^m<Dmmnm^muir^ 

[0060] [EUlHl^ ^^mco— H»^HtC#^Low-IF^^:-e/^/^^KOFDM_UW 

[|H2]EI2«, Low-IF^fta^5^SffWP^^^ttt±ib-CffiV^c0-efc?. o 
[|H3]E|3^ OFDMSflff^AD^^J;9Jl^^M (frequency folding) 

[MM*, if-%(D^)T^y^V^y— ^^y^trjUtV^yr^/V-^— 

[05]g|5te\ ^ 0 nh^^LPF(D[Hl{^EI^bfc|l|-e$?§o 
[g|6]E|6tt, t/V-</VhBPF(D[lI^E|^bf'E|-e^o 
[07]Bl7tt, t:/V-</VhBPF(DMI^#c#tt^Lf'l2|-efe§ 0 

[08]El8te, mfe^H^#SLow-IF^^(Z)^/^/^^KOFDM_U 

wB^fta^*^^b^0-efe?, o 

[|H9]E|9te, Low-IF^^-^/V^^^KOFDM_UWB^fm^*5V^T. m&Wt 
#tt0^b^MEb^V^#^(D^ffIFff^(D^^^^7^^bfc|g|^fe§ 0 

[Bno]mio«, 2^-r>-^— ?(DM$m*^tm~eibz>o 
m i i]m 1 1 ra\ ^*FiR^/^<z)«^f?!j^Lfciii-e$)§ 0 

[EH2]Bii2« N Eliit^bfc1i^FiR^/^(Dlg*^^ 0 ##:^bfcE|-efc§ 0 
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im 13] IH 1 3 te\ #38 K t-#5Low - IF^^/l^^ROFDM_UWB3£ff W, K 
[Ell4]|2|14te, ^Hife^#J^SLow-IF^^:-^/V^^^KOFDM_UWBMff 

mx&% 0 

[HI17]|1|17«, ^W^^^KOFDM_UWBafi^^^*3V^T^S^ttTV>5M 
[®18]|2|18te\ ^/V^/<^OFDM->^Mcm^^frlZ>^4U?h'^s<-- i?3> 

[|H20]|2|2O^ g ^^>^\z.^x^^c^y^yY^m-r^tz.^)(Dm^ 

■So 

m$tWl&4. 125MHz^b/-^#(DDC^ir^hcD^^^(Di|Xm^^^fA0J!i- 
[g|23]|2|23te, ^/V^^KOFDMv^^A^l ^T, E118^^L/c^W^h-=i 

[g|25]|2|25te, Low-IFg:ffH(D^W^*^!l^bfc|l|-efc§ 0 

[oo6i] s^t, mm&mmvt£&h*mm<vmMi&MK^^xmM-rz>o 
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[0062] ^WWh-a^v*— i?B>'%:mm<DI)C*7±ybmM&M®:'rZ>3 k &tbL,XLovr- 
W^^D^trnm^hflX^^o Low-IF^^IiL-Cf*, $l;U£j. Crols&tfM 
. Steyaert^^"Low— IFTopologies for High — Performance Analog Front 
Ends of Fully Integrated Receivers" (lEEETrans. Circuits Syst. II, vol. 45 
, pp. 269-282, Mar. 1998) ^fB^JVO 

[0063] 025»Ctt % Low-IF^'«t»<O— jRWJ&*^^brv^ 0 ®^<DLow-IF^ff 

LOl 

LOl 

•Z)K W7j/Vd?b\^X\i/V^</VY (Hilbert) • ~7j/V$ (BPF) Sr/flV ^^bX4 

[0064] Z.<D£?^ Low-IF^^-efiSffff -^^r— SlFM^m^^mi-^^-C\ # 
, DC^-fe^h^^ff ^^p?#Lftl\ Low-IF^^trttn— ^"M 

$k ^<v&<vmmi^\^xfe%kmz.m%o 

[0065] — ^ Low-IF«j^cDg:m#-ef*, ? ^ ?Y ' ^ ^—^B^\tmX\±^ti 
o/ct^-</P-h-/^^KV^-^/V^^2(Dt2— *;Ht-^^^gi^^ £V^frfc& 

[0066] DC^iryh^W^-^MI^mff -^^^ttAD^mL-C^i-^^ti 

[0067] ^mmXte, Low-IF*^Og:ff miZ&tfZZ.frbiDf&m&jffitU T/^'^ 
KOFDM^^^^)-LTLow-IF^^^fil^igffl-r^(D-efc^ 0 



WO 2006/046424 



16 



PCT/JP2005/019034 



[0068] ^-ew5Low-iF m^pmm^wo m^Mo^v^^K^n^^vmm(D 

^fc£264MHz£lFjg$£»i-3 0 
[0069] HHW^ ^^mcO— ^Jfe?f^li^#SLow-IF^-^^/V^^^KOFDM_UWB 

■So 

[0070] tSfcu 02fctt, Low-IF^ff^cD^^^ff^^^SrttmbTjffiVNTV^o 
[0071] ^-f tt, ^ff ft ^-(DCF'^MiSm»264MHzfdtt-h^b, M 

LOl 

-264MHz^i~§ 0 ^/^/^KOFDMv^^^<D1^^yTM^^:(4. 125M 
Hz) ^FFTIMX (128) (D^{*528MHz-CfeS(D'C\ ^^K^i^te: ± 264M 
Hz-CfcSo 

[0072] m^WcMM: (Frequency folding) (^L< teAD=*^— ?(D^VTi/>7l J&5£C 

&i\£5l-1-5fc«>l-kJ\ AD^(DiJ-^ 0 y^MI««ff^M^#:^2f§^^^ 
trfc^o v > 3>-g:ff#^^{»^ 0 y^M^#:«528MHz-Trfe 

£ c ^X^*fU IFM^#C^-264MHz^bfcLow-IFg:ff^-e«, -528MHz/^ 

^OMHz^ff^M^^fgH^o^^y^M^^^ioseMHz^^^^/^^ 

(Z)528MHz (i-^^ja^^C*^tV^^^ott§ fF'L^^to/^^K^PS) "CAD^ 

[0073] ni3(a) tdtt, v^v^mmmtm$imms:<Dm^z>mT&^L>x\,^ 0 03(b) 

let*, AD^^mi^OFDMff -^-i:i^^y^M^#c<Z)M#^U"CV>§ 0 El 

3(c) AD^^<Z)OFDMff ^iJ-^y^M^#C^ffi#>^bTV>§ 0 OF 
DMff^AD^mbfc#^«, M^MMi-J:oT^dr-YyT(D)lR#^An#^ 

ifr^&fl ^-«-r-<TAD^£;h^v^^ 03 (c) 



WO 2006/046424 



17 



PCT/JP2005/019034 



[0074] ofdm^m^-to, FFTfcx^xmmim^&fflwiwtmmzm&vx^m ~rz> 

(DX\ i^^^yT(DMt^#^«FFTbf'#t^^(^f^5i^^^^§o tut. 

\sHm^,^m%^R?f^miE^&mFFT<Dm^i (pp. 76, littii, 198 
[oo75] ^mMMM^^ow-iFm^^it m^xm-f, ^/v^^kofd 

"Ctt, /-^^MH^<Z)fc* ^UT^/V (preamble) ^—^r^^ffiV^V^o ^<Z) 

^yT^://v-^-^;*^FT^T^i*^^^^ 

yr^vv^N^->-^fc^^c^iFji^«m#bT#^>--^^fflv^T^:ff 
[0076] 7 0 yr^/v^|i#:ff -s§-&tf>~e, ifmi iKifcexp ( -j264MHz) (D&mfc&ftx-fo 

£cos (-264MHz) &528MHzXy->'7 P V^ 1 Lfc.+ l£- KD^jgL^^cO^ 0 

[0077] 04^f2, ^^(D^yT^/V-^— ^^^ttibfcV^yT^W-^— tr>X<D 
— ^ 1 ( - 264MHz) + (DWOm^^mW-^X^hfltM ffibfcV ^v'-^ry 

[0078] Low-IF«J&<7W^^KOFDM^:ff «6"e«, M«^<7»-£C3^:ff 



WO 2006/046424 



18 



PCT/JP2005/019034 



(Dm^^m^^^com^^4^—^^ir^m^btix\^ (Mftri. j. o 

. Voorman^"TheGyrator as a Monolithic Circuit in Electronic Systems" 
(Ph. D. thesis, pp-83-103, Universityof Nijmengen, 1977) &0M<DZ.b 

)o 

[0079] H|5^{iyi3h^7 0 LPF, El6^{it/V^/H>BPF(D[HlS&|l|^tt^ett^b-CV^ 

m n 

[0080] [MO] 

G m C n = Ref n x G m x oj 0 /oj c 



[0081] o> co te^tf)^, Ref te^Ph^^LPF^it^Mg, G 

0 C n 

«co ZfeisbZhyl/^'^^?^^ G C J3co £^5h7^-=<^^>^-e 

m C m n 0 

m n m 0 C n 

co ^co (Dmnm^m^^(DX\Ref^mw^wcitic^x^c^uh^4^' 

0 C n 

[0082] El7(c:^ N ^W^^§t/^/vhBPF<Z)M^m#'l4^bTV^ 0 ^MSt 

o 

[0083] v/Vf/^KOFDMJWB^TAtlt, ±64(D^ff 128{i(D^^^yT^ 
^KM^#TC«:4. 125MHzX±56-±231MHz*-e^^^^^ o IFj^#c£r 



WO 2006/046424 



19 



PCT/JP2005/019034 



- 264MHz^bT*D<9 ( fft 3£) , IFjU^t^rTO - 264+ 23 1MHz ( = -495MHz~ 

-33mhz) ^mt\^xmmmmxh^ 0 Dc^ir^^^t-^^^ 
^frh(D\tiM^mK^^$%m?^t'M&, upFcommm^mn 33mh z 

[0084] ®8^f^ ^m^<D—%m^M\^^o^-l¥^^(D^/V^^lyVO¥r>M._\J 

[0085] Low-IF*J^^i-§fc^^{-+, OFDM^OIFff^^i-^^^^ g)^ 
IFFra^V^b-^^— ^a^O^^tl^— ^^Hf^-»« 
XftftW DA^m^f^5ttl^IFM^#Cexp(-j264MHz) yg^g-ffrtf* L 

[0086] ^VWh-=t^— i/a^^t^^i^^/V^^^KOFDM^^^-e^, m&Wt 
MM:(Dm^^^Kir^tMC^ 1056Msp S -CDA^^^T^5o ^tU-*fU Low 
-IFfit$c-ete, IFM^#C^^^-528MHz^^0MHz^(Dl:\ 2112MspsODA 

[0087] g|9^«, Low-IF^^/V^/'<>'KOFDM_UWB^f^^*DV>T, 

T/^— ^a^:^j;o-C^-<^h^^smc#tt^#o 0 icDfcfe, -528MHz^ib 
OMHz(DIFM^m^^-ef*. WC^<^4dB(Dffi^^o-CV^ 0 *fc, «^ 
^fi#^£oT-1584MHz~-1056MHz£528MHZ~1056MHz<D^^ 

[0088] M^m#t^^lMbT{*, |E|8^(Z)i^^^yT«^l/-</VM«fP (sub-carrier p 
ower level compensator) ^l¥¥T(Dw\X^-y^^)T^\Z.WM : kM^^.tX\ 

^fe^LT, 08^21^^— ^(X2 interporatot) ^itlff FIR^/H? 



WO 2006/046424 



20 



PCT/JP2005/019034 



[0089] rtb£r 
[0090] *fc, mW&M&mftfe, 37^(DH/V-</VhBPF^m^^Xm^ir^t^X^ 0 M 

[0091] El 14Kfe, ^mMMMlzm%Low-IFjj^^s^}?OFVM_lJWBm{3m 

LOl 

m^m^^mmm ) ^hnhn^mmmmwc^m^tm-^^m^x^m ( 

[0092] 016^^ ^(D#^^528MHz(D^|B^^Hi" ; 5^ 0 yT^^bTV^ 

[0093] J^_h, #3e©mfe^H8Sr#flaUc^fe, *3SM l-ov N-cf¥»b-C^^ 0 Ld^Ue^s 

sriiiiiin?^ irt^ib, m^t^^mx^mm^m^x^tc<Dxh<o, * 



WO 2006/046424 



21 



PCT/JP2005/019034 



M^ffcM^c&^A^^ofcl^^yT^ 
[2] BiifB(DOFDMff ^^^LT^^h/^^^r^ili^f ^5fc*6<D^m^i^ r^31^ 

[3] mmmmmmm^mte, ztm m^*v-*Mn ^m^vxi&^mm^mm^ 

[5] itfffEAD»|^im, ttffBi£^^M»^2f§^Si^^y>'^ja«^o-C 

T^n^f-^-^^^y^i-?), 

tfrtBAD^m^^, Mism*^t o ^-r§/^>-Kr^i5i^^^i-si^^ o y^M 



WO 2006/046424 22 PCT/JP2005/019034 



WO 2006/046424 23 PCT/JP2005/019034 

[i3] mm^^w^m^m^m-i, Mmy-v^mm^ cffd , v^yuybm 
[14] mim^^^h^mw^^ir^m^mmBAmm^^n^T^-^ 

tie] tfriBja^M^^^. &*mmmmm^&v-*Mm^tm&vxmm$i(D 
[is] tffiEDA^m^^^^^m^^fcT^p^t-^^^^^^^-r^^^M^ 

r^^r#m^-r^f*^iI18^fB«(D^iiffSMo 



WO 2006/046424 



24 



PCT/JP2005/019034 



[20] jff^^^^>-Kr^lS^^'^M^#c^^t 0 ^$i3r^^/v^^^^KOFDMff^-^, 



1/16 



WO 2006/046424 



PCT/JP2005/019034 



[Ell] 



j3UJG0_qns 



c o 

O <D 



O 
O 
< 



jo^esuadujoQ j8A9| 


J3Mod J3Ujeo_qn$ 






t 

LJ 










to 






to 






O 


CL 

to 


o 


[Msp 


O 


DA 


AD 


AD 












CO 
















CNJ 










k 


VGA 


a 


















3/16 




4/16 



WO 2006/046424 



PCT/JP2005/019034 



[06] 



Q_ 

CD 

•t 
_Q 



E 

o 



J L 



o 

CM 



O 
*- 

CM 



o 

CM 



o 

CM 



e- 



o 

CM 



o 

CM 



4B 



o 

*- 

csi 



O 

CM 



o 

CNI 



O 
#- 

CM 



E 



_IeL 
o 



GmC5 



]m£4 



1® 



GmC4 



_GmC3_ 



GmC3 



GmC2 



GmC1 



G??rcT 



E 
O 



_J L 



o 

CM 



o 

CM 



4$ 
18 



o 

CM 



o 

-K- 

CM 



e^ 



o 

CM 



o 
■* 

CM 



1 



(J 



o 
*- 

CM 



o 

CM 



O 

-*• 

CM 



o 

CM 



E 
O 



o 



o 

E 
o 

cr: 
n 

o 



o 

E 

o 

II 

c 

o 

E 

o 



5/16 



WO 2006/046424 



PCT/JP2005/0 19034 



[07] 



5th order Hilbert BPF Frequency Response 



CO 

[ ~O i 

<D 

CO 

c 
o 

CL 
CO 
CD 

cr 

>. 

o 
c 

<D 
O" 



-20 



-40 



$ 
# 
f 



1 



i 
/ 



i 



"60 

-1 .06 -1 0-7.92 -1 0-5.28 -1 0 8 "2.64 -1 0 8 



% 



.8 



,8 



8 



2.64-10 5.28-10 7.92-10 1.06-10 



normal scale 
X10 magnify 



Frequency [Hz] 



6/16 

WO 2006/046424 PCT/JP2005/019034 

i 

JO^BSUSdLUOQ |9AQ| 

jQMod jQUjeo-qng 




7/16 



WO 2006/046424 



PCT/JP2005/0 19034 



[09] 




"1.5-10 



"I -10 



"5-10 0 5-l(T 

Frequency[Hz] 



[010] 



X2 Interpolator 
Delay 



"^W°°.^, .0.0,^0.0,^, ,0.0,*^,,. j 










Coefficients 



Adder 



8/16 



WO 2006/046424 



PCT/JP2005/019034 



gin 



out 



Q . <- 

out 





[H12] 



Complex X2 Interpolator 



Real Coefficients 



Imaginary Coefficients 



Imaginary Coefficients 



Real Coefficients 




Q 



! J 



CT3 




15 20 25 

Tap number 



9/16 



WO 2006/046424 



PCT/JP2005/019034 



[013] 




"40 




-1.5-10 



-1 -10 



-5-10 



8 



Frequency[Hz] 



5-10" 



1 -10 



1.5-10 



10/16 



WO 2006/046424 
[014] 



PCT/JP2005/019034 



[015] 



3696MHz 



4224MHz 
A 



4752MHz 




3432 MHz 



3960MHz 



4488 MHz 



528[MHz] 



4224[MHz] 



1/4 




1/2 


> 



> Sampling clock 




RF carrier 

3696[MHz] 
> 4224[MHz] 
4752[MHz] 



11/16 



WO 2006/046424 



PCT/JP2005/0 19034 



[016] 



2640MHz 




.A 



3696MHz 4224MHz 4752MHz 



/OK#i 





/OK#3X:7U7X 



3432 MHz 3960 MHz 4488MHz 



[017] 



/OK /OK /OK /OK /OK /OK /OK /OK /OK /OK /OK /OK /OK /OK 
#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 #14 




3432 3960 4488 5016 5544 6072 6600 7128 7656 8184 8712 9240 9768 10296 
MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz f 



[018] 



cos(2 7T ft) 



Pre-Select Filter 



r\ 



LNA 




) — l -+ 


LPF 


— ► 


VGA 




ADC 








— ► 


► 
















Q 

1 ► 


LPF 




VGA 




ADC 






— ► 


— ► 


► 




s\n(2nft) 



12/16 




[020] 




13/16 



WO 2006/046424 PCT/JP2005/019034 

[021] 




14/16 



WO 2006/046424 



PCT/JP2005/0 19034 



[023] 



528[MHz] 



4224[MHz] 




3432[MHz] 
> 3960[MHz] 
4488[MHz] 



15/16 



WO 2006/046424 PCT/JP2005/019034 

[024] 



cos(^^/p 
sin(/^/p 

cos(/;2+/p 
sin(/;*+/p 

cos(f 2 t+Q 




16/16 



WO 2006/046424 

[025] 



PCT/JP2005/019034 



Pre-Select Filter 



r\ 



LNA 



cosUn f Lol t) Hi | bertBPF 
I 




/\ 




— ► 


VGA 




ADC 


— > 


— > 

si 


X 




n(27tf L02 






VGA 


ADC ■ 




— ► 



-0- 



o 



o 

GO 



sin(2 7T^ 07 f) 



International application No. 

PCT/JP2005/019034 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 

HO4Jll/OO(2006 . 01) , H04J13/00 (2 006 . 01) , H04B1/713 ( 2 0 0 6 .01) 



According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
H04J11/00 (2 006 . 01) , H04J13/00 (2006 . 01) , H04B1/713 ( 2 0 0 6 .01) 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroku Koho 1996-2005 

Kokai Jitsuyo Shinan Koho 1971-2005 Toroku Jitsuyo Shinan Koho 1994-2005 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
IEEEXplore, JOIS 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y 
A 



Y 
A 



Y 
A 



Anuj Batra, Mult i -band OFDM Physical Layer 
Proposal, IEEE 802 . 15-03/267rl, 2003.07, 
Internet <URL : http : //grouper . ieee . org/ 
groups/8 02/15/pub/2 00 3/Jul03/0326 7rlP8 02- 
15_TG3a-Multi -band- OFDM- CFP- Presentation . 
ppt> 

JP 2003-60525 A (Takuro SATO), 
28 February, 2003 (28.02.03), 
Claim 1; Fig. 6 
(Family: none) 

JP 2002-84254 A (Sony Corp.), 
22 March, 2002 (22.03.02), 
Figs. 1 to 3 
( Family : none ) 



11-20 
1-10 



11-20 
1-10 



14 

1-13, 15-20 



I x I Further documents are listed in the continuation of Box C. I I See patent family annex. 



"E" 



"L" 



"O" 



Special categories of cited documents: 

document defining the general state of the art which is not considered to 
be of particular relevance 

earlier application or patent but published on or after the international filing 
date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other means 

document published prior to the international filing date but later than the 
priority date claimed 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
01 November, 2005 (01.11.05) 


Date of mailing of the international search report 

15 November, 2005 (15.11.05) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (April 2005) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2005/019034 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y 
A 



Y 
A 



Y 
A 



Y 
A 



P,A 



JP H9-93216 A (Sony Corp.), 
04 April, 1997 (04.04.97), 
Claim 1 

& JP 3525576 B2 

JP H7-312552 A (Hitachi Denshi , Ltd.), 
28 November, 1995 (28.11.95), 
Full text 
(Family: none) 

JP 2 004-173153 A (Nippon Terekomu Kabushiki 
Kaisha) , 

17 June, 2004 (17.06.04), 
Par. No. [0 051] 
(Family: none) 

JP 2003-078391 A (New Japan Radio Co., Ltd.), 
14 March, 2003 (14.03.03), 
Full text 
(Family: none) 

JP 2005-151062 A (Keio University) , 
09 June, 2005 (09.06.05), 
Full text 
(Family: none) 

JP 2003-101603 A (Keio University), 

04 April, 2003 (04.04.03), 

Full text 

8c JP 3656739 B2 

Crols Jan et al . , Low-IF topologies for 
high-performance analog front ends of fully 
integrated receivers, Circuits and Systems 
II: Analog and Digital Signal Processing, 
IEEE Transactions on [see also Circuits and 
Systems II: Express Briefs, IEEE Transactions 
on, Vol.45, No. 3, 1998.03, pages 269 to 281 



14 

1-13 , 15-20 



15 

1-14 , 16-20 



15 

1-14 ,16-20 



19 
1-18,20 



1-20 



1-20 



1-20 



Form PCT/ISA/210 (continuation of second sheet) (April 2005) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2005/019034 



Box No. II Observ ations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 



This international search report has not been established in respect of certain claims under Article 17(2)fa) for the following reasons: 
Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2- □ 



3-D 



Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 



Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 

The inventions of claims 1-10 relate to OFDM demodulation in which the 
order of the subcarriers replaced for frequency superimposit ion caused in 
accordance with the sampling frequency at the time of AD conversion is 
re-arranged. The inventions of claims 11, 2 0 relate to 

transmission/reception in which the low and intermediate frequencies of OFDM 
system is set to a half of the band interval of the frequency hopping. The 
inventions of claims 12-19 relate to OFDM modulation of mult iband OFDM system 
in which the low and intermediate frequencies are multiplied. 

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

^* I x I As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment of 
any additional fee. 



3- □ 



As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



4-n 



No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest I I The additional search fees were accompanied by the applicant's protest and, where applicable, 

the payment of a protest fee.. 

The additional search fees were accompanied by the applicant's protest but the applicable protest 
fee was not paid within the time limit specified in the invitation. 

No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005) 



f-g- PCT/JP 2 0 0 5/0 1 9 0 3 4 



A. (B«*fT#« (i PC) ) 



Int.CL 7 



H04J11/00 (2006.01), H04J13/00 (2006.01), H04B1/713 (2006.01) 



HWESrffofc*/hBB3SF3|s|- (HSRWffFSMB (IPC) ) 

Int.Cl. 7 UQ4JU/00 (2006.01), H04J13/00 (2006.01), H04B1/713 (2006.01) 



0*H»«**ffl*r3fe&< 



1922-1996$ 
1971-2005$ 
1996-200 5$ 
1994-2005$ 



IEEEXplore 
JOIS 



C. 



3\mitt<D 

fty-zS y — * 



Anuj Batra, Multi-band OFDM Physical Layer Proposal, 

IEEE 802. 15-03/267rl, 2003.07, 4 1/ $ * y KURL: 

http: //grouper, ieee. org/groups/802/15/pub/2003/Jul03/03267rl 

P802-15_TG3a-Mu 1 1 i -band-OFDM-CFP-Pr esen tat i on. ppt > 

JP 2003-60525 A ({£0 #ff|B) 2003. 02. 28, f*3fcJfi 1, 160 

(7r? y — #u 



11-20 
1-10 



11-20 
1-10 



r e j a»iii«iB«r«>ttJBi*fctt»fi : "t*fc**, HBStuiH0 

rpj HKSttjfii0#iT% a»otf**<o£«<0^t&affl* 



0 1 



1 1 



2 0 0 5 



15. 11. 2005 



0*S«FfFff ( I S A/ J P) 
1 0 0-8 9 1 5 



03-3581-1101 



5 K 



3 2 5 1 



3 5 5 6 



«PCT/ISA/2 10 (fg 2 (2 0 0 5$4J3) 



mtHm^ PCT/JP 2 0 0 5/0 1 9 0 3 4 



mm-rz 



Y 
A 

Y 
A 

Y 
A 

Y 
A 

Y 
A 

PA 



JP 2002-84254 A ( V ~ — tfc^S^fct) 2002. 03. 22, 1-3 HI 

(77? y— #u 

JP H9-93216 A (y=— **55£|t) 1997.04.04,1**^1 
& JP 3525576 B2 

JP H7-312552 A ( B M^^tt) 1995. 11. 28, ^ 

(77? y-fru 

JP 2004-173153 A ( 0 U = A^^^%h) 2004. 06. 17, 

UK [0051] (77? y-^D 

JP 2003-078391 A (gf 0 **Ri»t*^%t) 2003. 03. 14, 

(77? y-#u 

JP 2005-151062 A (^WikAXBM^) 2005. 06. 09, 

(7r ? y 

JP 2003-101603 A (^K&AS^ttM) 2003.04.04,^ 
& JP 3656739 B2 

Crols Jan et. al. , Low-IF topologies for high-performance analog 
front ends of fully integrated receivers, Circuits and Systems 
II: Analog and Digital Signal Processing, IEEE Transactions on 
[see also Circuits and Systems II: Express Briefs, IEEE 
Transactions on, Vol. 45 No. 3, 1998. 03, pp. 269-281 



14 

1-13, 15-20 
14 

1-13, 15-20 
15 

1-14, 16-20 
15 

1-14, 16-20 
19 

1-18, 20 
1-20 



1-20 



1-20 



iS;PCT/ISA/2 10 (m2s<—i?V>M.%) (2 0 0 5*4^) 



a^tti^#-§- p c T/ JP 2 0 0 5/0 1 9 0 3 4 



fe^8^^3^ (PCT17*(2) (a)) ©itiat), r raHH^iS^^B^ te^S* J; 9 ft*©fBffl <D— IfBlcio^Tf^ 
o£<9. 



3. □ W#CD$offl tt, tOll»*«>f6H-C*>oTPCT«aij6.4(a)<0»2jtaiJt^33:<OSlSJ: 

tie o T B £ tl X V ^t£ V \ 



fgmffig gwo^- teaman b-cv 5 fcggjjftjE, (H^-- s*P3<pjBl;£) 



9 , f»*co«Bffl i 2-1 9 izmzmmfc'*'^/^ kofdmm(-^^, <6*wijsia!&fc* 



1. □ ttJ«A*s ! K**ii»PIS#*W*i-^rfflrart^»#L.fc<0't?, r«)BB8W3E»«f±, i-^TropSE^^W* 



4. □ WJSA^S'fcil^PP^^^WF^l^t-W+b^^ofccoT-, r©SBWS**f±, »*©«ilo*«]l=:lE* 



«SPCT/ ISA/210 (Il^-^i (2)) (2005^4^) 



